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Spatial memory deficits initiated by olfactory bulbectomy or 
pretreatment with an ergot alkaloid, agroclavine, in rats are 
characterized by different expression of long-term potentiation in the 
hippocampus
ABSTRACT. To clarify whether long-term potentiation (LTP) is the mechanism 
underpinning mnemonic processes we studied LTP in hippocampal slices from rats 
whose spatial memory deficit was produced by either olfactory bulbectomy (OBX) or 
pretreatment with an ergot alkaloid, agroclavine. OBX is accompanied by cholinergic 
system inhibition whereas agroclavine predominantly activates dopaminergic mediation. 
The both have been shown to be involved in learning/memory and LTP mechanisms. In 
OBX- vs. sham-operated rat, we have revealed significant reduction of LTP in 
hippocampal CA1 region. In contrast, no LTP differences in agroclavine- vs. vehicle-
treated rats were observed. These results demonstrate that LTP expression in the 
hippocampus is dependent on the origin of spatial memory impairment. Furthermore, 
they suggest that pharmacological and neurodegenerative models of AD might be useful 
approach for discovery of both AD mechanisms and mixed pathology dementias. 
Keywords: learning; Morris test; LTP; neuronal plasticity
Page 2 of 13
URL: http://mc.manuscriptcentral.com/gnes  Email: klyons@kumc.edu





























































For Peer Review Only
3
Introduction
The phenomenon of “long-term potentiation” (LTP) is supposed to be linked with the 
mechanisms of learning/memory formation and its impairment [1]. However, in patients 
suffered from Alzheimer’s disease (AD) and in animal models of AD, the memory 
deficit has been shown to correlate with suppression of cortical LTP [2] while age-
related memory loss is accompanied by enhanced hippocampal LTP [3]. Furthermore, 
different learning paradigms have different effects on LTP [4] while drugs, affecting 
spatial memory, have no influence on LTP, and vice versa [5]. 
To clarify whether LTP in the hippocampus is the mechanism underpinning learning 
and/or memory processes we studied LTP in rats whose spatial memory deficits were 
produced by either olfactory bulbectomy (OBX), a model of AD [6], or pretreatment 
with an ergot alkaloid, agroclavine [7]. The olfactory bulbs damage initiates a 
retrograde degeneration of cholinergic neurons, thereby leading to memory impairment 
and suppression of hippocampal LTP [8]. On the other hand, the hippocampus is well 
known to receive dopaminergic (DA) input from midbrain DA neurons [9] and exposure 
to novelty, stimulating DA release [10], facilitates LTP induction [11]. Furthermore, 
DA modulates synaptic plasticity in the prefrontal cortex [12] and DA mediation in the 
hippocampus is involved in memory performance [13]. Surprisingly, agroclavine, a DA 
receptor agonist [7], has been revealed to produce spatial memory loss in mice [14].
Thus, our present study aims to elucidate the question whether there is a difference 
between hippocampal LTP in brain slices from OBX- vs. agroclavine-treated rats 
characterized by comparable extents of spatial memory impairment.
Methods
Subjects
Twenty five male Wistar rats bred in a colony (donated by Charles Rivers 
Laboratories, Wilmington, MA, USA) under control barrier conditions were used in this 
study. The animals were given food and water ad libitum and reared in a standard 12-
h/12-h day/night cycle. All manipulations were carried out in accordance with the 
principles enunciated in National Institutes of Health Publications No. 80-23, revised 
1978, for animal experiments and approved by the Institutional Ethical Review 
Committee. 
Surgical procedure
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At age of two months, the rats were anaesthetised with intraperitoneal (i.p.) injection 
of Nembutal at dose of 60 mg/kg and two holes (2 mm in diameter) were drilled 
symmetrically over the olfactory bulbs (8 mm anterior to the bregma and 2 mm laterally 
from the midline). The bulbs were aspirated carefully under visual control through a 
blunt needle attached to a water pump (“OBX” group of 6 rats). In nineteen sham-
operated rats, small drops of brain liquor were aspirated through the holes. 
Spatial discrimination testing
At the age of fourteen months, learning/memory abilities of rats were tested with the 
Morris water paradigm (for details, see [15]). On the next day after training session, 
sham-operated rats were randomly divided on three groups. One of them was used as a 
control for OBX-rats (“ShX” group, N=7). In another group (“ShAg”, N=5), the 
animals were treated with agroclavine (50 µg/kg, i.p.), whereas all others ("ShVh" 
group, N=7) and from ShX and OBX groups were injected with the vehicle (0.3 ml, 
i.p.). We used agroclavine synthesized microbiologically by strain Claviceps sp. ВКМ 
F-2609 [16]. The injections were performed one hour before testing procedure. Total 
time spent in each quadrant and the number of inward crossings of its borders was 
estimated by use a digital camera (Logitech QuickCam 3000, 800x600 pixels, 15 fps) 
and custom-developed video tracking software. 
Electrophysiology
Immediately after memory testing, the rat was deeply anaesthetized with ether and 
decapitated. Its brain was cooled at 4°C in artificial cerebrospinal fluid (ACSF). The 
whole brain was prepared into coronal slices of 400 μm, further placed into a holding 
chamber with ACSF bubbled continuously with carbogen. 
After at least 1.5 hour of equilibration in the holding chamber, the slice was 
transferred into a submerged recording chamber and perfused at a rate of 0.8 ml/min 
with warmed ACSF (30±1°C). The glass micropipettes (1 MΩ) filled with 2 M NaCl, 
were positioned in the stratum radiatum of the CA1 region of the hippocampus for 
extracellular recording of field excitatory postsynaptic potentials (fEPSP), using a 
custom-made amplifier. In the CA1 region, the Schaffer collateral pathway was 
stimulated through a unipolar tungsten electrode (100-200 KΩ) positioned in the 
stratum radiatum, 2 mm apart from the recording electrode. Amplitude of stimulating 
0.1-ms pulses was varied (0.06–0.4 mA) to elicit fEPSPs of ~1 mV. Testing stimulation 
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(0.05 Hz) was followed by a series (0.5 Hz) of eight 200-Hz trains with eight impulses 
in each train to produce LTP. The signals were digitized at 10 kHz using a CED1401 
A/D converter (Cambridge Electronic Design Ltd, Cambridge, UK) and analyzed with 
custom-developed software. The baseline activity was recorded for at least 20 min 
before LTP induction; four 0.2-Hz biphasic, constant current pulses (0.1-ms per 
polarity) were used for baseline recording and testing every 0.5 min after tetanus up to 
90 min. The fEPSP was defined as the maximal slope of the rising phase, and further, in 
percentage of the mean values vs. those in baseline recordings. Stimulus intensity of the 
test pulse was adjusted so that it produced a fEPSP of 45-50% of the maximal fEPSP 
amplitude.
Statistics
The data were evaluated by non- parametric Mann-Whitney U-test and one-/two-way 
ANOVA for repeated measures, where appropriate. The group data were expressed as 
the means ± SEM; differences were considered significant at p < 0.05. The statistical 
analyses were performed using STATISTICA, version 10 (StatSoft, Inc., Tulsa, OK, 
USA).
Results
In rats from different groups, locomotor capabilities, evaluated by the latency in the 
reaching the visible platform, were in the range of 10.3±1.7 - 12.2±2.3 sec for all 
groups. In the daily training trials with the hidden platform (Fig. 1A), decreasing the 
latencies over time in the reaching of the platform, were observed in all groups (1-way 
ANOVA: F5,36,30,36,24 > 46, p < 0.001, for all). Despite significant delay in correct 
responses of OBX-rats vs. sham-operated animals (ShX, ShVh, and ShAg) on Day 3 
and Day 4, by the end of training (Day 6), they were able to find the platform with 
relatively short delay, comparable with rats from other groups. Memory testing on Day 
7 (without the platform in the pool) revealed that the rats from ShX and ShVh control 
groups spent more time in the target quadrant (Fig. 1B, 1-way ANOVA: F3,24,24 > 46, p 
< 0.001, for both) and visited it more frequently (Fig. 1C, F3,24,24 > 10.1, p < 0.001, for 
both) than the other quadrants. However, this was not the case for the animals from 
OBX and ShAg groups (1-way ANOVA: F3,20,16 < 2.8, p > 0.05, for both) Thus, both 
OBX and agroclavine produced evident spatial memory impairment in rats.
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Time course and magnitude of LTP in CA1 region were different in brain slices from 
OBX- vs. ShX-rats (Fig. 2A, 2-way ANOVA: F1,495 = 716, p < 0.001) while no evident 
differences in LTP between ShAg- and ShVh-rats were revealed (Fig. 2B, 2-way 
ANOVA: F1,450 = 1.2, p = 0.3). The LTP profiles were very similar in animals from both 
control groups (ShX vs. ShVh, 2-way ANOVA: F1,540 = 2.8, p = 0.1). 
Discussion
In this study, we revealed an association between spatial memory impairment in 
OBX-rats and LTP suppression in their hippocampus. In contrast, no LTP modification 
was observed in agroclavine pretreated rats with similar memory deficit. 
On OBX-rats, the rising level of Aβ in the cortex-hippocampus samples has been 
shown to correlate with the extent of spatial memory impairment in these animals [15]. 
This is in line with data suggesting an important role of Aβ in memory loss in AD 
patients and in LTP suppression [17]. The LTP difference in OBX- vs. agroclavine- 
pretreated rats might be linked with different baseline conditions during learning and 
testing sessions. Indeed, the mechanisms associated with learning and LTP in OBX-rats 
were chronically affected by Aβ and/or by neurotransmitter signaling abnormalities 
produced by elevated Aβ [17]. Different effects of agroclavine on memory and LTP 
might be explained by its dopamine-mimetic and alkaloid activities [7] involved in 
dopamine-cholinergic systems interaction [18]. However, we have revealed that 
agroclavine, injected before testing, initiates spatial memory loss in naïve rats. These 
suggest that agroclavine affects predominantly the retention stage of memory processing 
and, given LTP insensitivity to agroclavine, that LTP is not crucial for this stage.
In OBX-rats, with memory loss and chronically increased Aβ in the brain [15], LTP 
impairment has been shown in present study. This is in line with data obtained in 
transgenic mice model of AD [19]. Cholinergic system is well known to be involved in 
both the LTP induction [20] and interaction between the hippocampus and the olfactory 
bulbs [21]. Given these, we suggest that OBX initiates a retrograde degeneration of 
cholinergic neurons and, in turn, the malfunctioning of both intrinsic circuitry in the 
hippocampus and its interrelation with other brain areas, required for functioning of 
learning/memory mechanisms. One of the possible sources potentiating these 
pathological changes after OBX seems to be linked with the enhanced Aβ level. This, in 
turn, might be associated with partial calcium/calmodulin-dependent protein kinases 
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inactivation that has been supposed to mediate LTP impairment and the learning 
disability in OBX-mice [22]. 
Thus, OBX-animals, with chronically depleted cholinergic mediation, i.e., with 
inactivated calcium-dependent intracellular processing [23], suppose to be lacking in 
support for LTP, whereas agroclavine, with its dopamine-mimetic activity, is able to 
activate this processing and, in turn, to stabilise LTP profile. Given these and both the 
delay in learning of OBX-rats (see Fig. 1A, Days 2-4) and the lack of a link between 
impaired memory retention and unaltered LTP in agroclavine-injected rats (cf. Fig. 
1B,C and Fig. 2B), we propose that OBX-rats are suffered from disturbances 
predominantly in the consolidation phase of memory processing. The LTP suppression 
revealed in OBX-rats on the next day after memory testing (see Fig. 2A) seems to 
characterize those alterations in the synaptic plasticity which are closely associated with 
the progression of the neurodegenerative processes (in the cholinergic system, in 
particular) initiated by the bulbectomy.
Our results highlight the necessity of taking into consideration a specificity of 
mechanisms involved in memory processing in different models of AD. Namely, a 
comparative analysis of findings obtained in pharmacological and neurodegenerative 
models of AD might be useful approach for both discovery of multiple mechanisms of 
the disease [24] and development of effective therapy for AD-associated and mixed 
pathology dementias [25]. 
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Captions
Figure 1. Trial-by-trial evolution of latencies to reach the hidden platform during 
learning in Morris water maze (A) for olfactory bulbectomized rats (OBX) and sham-
operated rats (ShX, ShVh, and ShAg) and during memory testing on Day 7 (B and C). 
Ordinate in A is latency of correct attempts to find the hidden platform, in seconds; 
abscissa shows the session days. Diamond denotes significant difference (p < 0.001; U-
test) between OBX and ShX groups. Before testing session, the animals from OBX, 
ShX and ShVh groups were treated (one hour apart) with the vehicle (0.3 ml, i.p.), 
whereas those from ShAg group were injected with agroclavine (50 µg/kg, i.p.). 
Ordinate in B is duration, in seconds, spent in each water maze quadrant (grey bars, I - 
“Indifferent”, black bars, T - “Target”); ordinate in C is percentage of inward crossings 
into a quadrant vs. crossings of all quadrants. Abscissa in B and C represents different 
quadrants and groups of rats. Diamonds denote significant differences I vs. T: one - p < 
0.05, two - p < 0.01, three - p < 0.001; U-test). All data are represented as means (± 
SEM).
Figure 2. Different time courses of LTP induced by tetanic stimulation of the stratum 
radiatum of the hippocampal CA1 region in brain slices from the bulbectomized (A) 
and agroclavine-treated (B) rats. Ordinate is fEPSP slope expressed as the percentage of 
the baseline values registered for 20 min immediately before the tetanic stimulation 
(marked as “0” on abscissa). All data are represented as means (± SEM). Other details 
see in the legend to figure 1.
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Figure 1. Trial-by-trial evolution of latencies to reach the hidden platform during learning in Morris water 
maze (A) for olfactory bulbectomized rats (OBX) and sham-operated rats (ShX, ShVh, and ShAg) and during 
memory testing on Day 7 (B and C). Ordinate in A is latency of correct attempts to find the hidden platform, 
in seconds; abscissa shows the session days. Diamond denotes significant difference (p < 0.001; U-test) 
between OBX and ShX groups. Before testing session, the animals from OBX, ShX and ShVh groups were 
treated (one hour apart) with the vehicle (0.3 ml, i.p.), whereas those from ShAg group were injected with 
agroclavine (50 µg/kg, i.p.). Ordinate in B is duration, in seconds, spent in each water maze quadrant (grey 
bars, I - “Indifferent”, black bars, T - “Target”); ordinate in C is percentage of inward crossings into a 
quadrant vs. crossings of all quadrants. Abscissa in B and C represents different quadrants and groups of 
rats. Diamonds denote significant differences I vs. T: one - p < 0.05, two - p < 0.01, three - p < 0.001; U-
test). All data are represented as means (± SEM). 
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Figure 2. Different time courses of LTP induced by tetanic stimulation of the stratum radiatum of the 
hippocampal CA1 region in brain slices from the bulbectomized (A) and agroclavine-treated (B) rats. 
Ordinate is fEPSP slope expressed as the percentage of the baseline values registered for 20 min 
immediately before the tetanic stimulation (marked as “0” on abscissa). All data are represented as means 
(± SEM). Other details see in the legend to figure 1. 
126x150mm (600 x 600 DPI) 
Page 14 of 13
URL: http://mc.manuscriptcentral.com/gnes  Email: klyons@kumc.edu
The International Journal of Neuroscience
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
